Abstract Simple sequence repeats (SSRs) defined as sequence repeat units between 1 and 6 bp occur abundantly in both coding and non-coding regions in eukaryotic genomes and these repeats can affect gene expression. In this study, ESTs (expressed sequence tags) of Betula pendula (silver birch) were analyzed for in silico mining of ESTSSRs, protein annotation, open reading frames (ORFs), designing primers, and identifying codon repetitions. In B. pendula, the frequency of ESTs containing SSRs was 7.8 % with an average of 1SSR/4. 78 kb of EST sequences. A total of 188 SSRs was identified by using MISA software and dinucleotide SSR motifs (65.9 %) were found to be the most abundant type of repeat motif followed by tri-(27.1 %), tetra-(4.8 %), and penta-(2.2 %) motifs. Based on ORF analysis, 175 of 178 sequences were predicted as ORFs and the most frequent SSRs were detected in 5 0 UTR (58.43 %), followed by in ORF (31.46 %) and in 3 0 UTR (8.43 %). 102
Introduction
The genus Betula includes 30-60 species of trees and shrubs is widespread throughout the boreal and temperate climate zones of the Northern Hemisphere. The genus Betula belongs to the order Fagales and the Betulaceae family (Furlow 1990; De Jong 1993; Schenk et al. 2008) . The basic chromosome number of Betula is n = 14, but the species form a series of polyploids, with chromosome numbers of 28, 56, 70, 84, 112, and 140 (Furlow 1990) . The genus Betula is represented in Europe by two tree species: B. pubescens and B. pendula. B. pendula is distributed over most of Europe, south of Asia (Siberia, Iran, and Anatolia) and north of Africa (Martín et al. 2008) .
Simple sequence repeats (SSRs) also known as microsatellites are 1-6 bp long tandemly repeating short units and are located in both coding and non-coding regions of all higher organism genomes (Tautz and Renz 1984; Gupta et al. 1996) . Owing to their abundance and high mutation rate, they can be used as effective molecular markers, especially in genetic diversity and linkage mapping studies (Powell et al. 1996; Bérubé et al. 2007 ). ESTs being segments of expressed genes are fast accumulating in EST databases in large number of plant species due to intensive studies on genomics. Also, they provide some benefits due to having abundance, occurrence in gene-rich regions, and inherent advantages (Scott et al. 2000; Rungis et al. 2004 ). The EST databases can be used effectively for SSR mining (Varshney et al. 2002) . EST-SSRs or genic SSRs as molecular markers can be obtained by database searches and other in silico approaches and can be used in transferability studies because they contain conserved genic regions (Varshney et al. 2002; Gupta et al. 2010a, b) . Many ESTSSRs studies have been performed using various plant species, including the medicinal plant Ocimum basilicum (Gupta et al. 2010a, b) , Quercus robur (Filiz et al. 2012) , Citrus sinensis (Shanker et al. 2007) , some cereal species (Varshney et al. 2002) , loblolly pine and spruce (Bérubé et al. 2007 ), Eucalyptus globules (Acuña et al. 2011), Ricinus communis (Qiu et al. 2010) . In this study, we performed in silico mining of EST-SSRs in silver birch (B. pendula) for analyses of SSR distributions and abundance, development of EST-SSR markers, prediction of open reading frames (ORFs) and annotation of SSR containing sequences.
Materials and methods

Retrieval and assembly of EST sequences
All EST sequences of B. pendula were retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov/nucest/). A total of 2549 ESTs were detected in the tissues (leaf, stem, root, etc.) of B. pendula. To remove redundant comparisons, CAP3 (sequence assembly program) was used with its default parameters (Huang and Madan 1999) .
Identification of SSR motifs
Identification of SSR motifs was carried out by using MISA program (MIcroSAtellite) (http://pgrc.ipk-gate rsleben.de/misa/) written in the Perl scripting language. The minimum length of SSR was accepted as 14 bp according to criteria used by Gupta et al. (2003) . The SSRs were defined as C14 bp di-, C15 bp tri-, C16 tetra-, C20 penta-, and C24 hexa-nucleotide repeats.
SSR-EST similarity searches and functional annotation of significant matches
Pairwise comparison of SSR-EST sequences against the GenBank non-redundant protein database was done by using BLASTX program at NCBI database. The most significant matches (EXP \ 1e -6 and 70 % similarity) for each sequence were recorded.
Detection of SSR positions based on ORFs
ORFs were predicted for all SSRs containing sequences with ORF finder at NCBI (http://www.ncbi.nlm.nih.gov/ gorf/gorf.html) using standard genetic code. Uninterrupted by stop codon and maximum length were accepted as the primary encoding segment (ORF) for query sequences. All predictions were classified in three locations: within the ORF, in the 5 0 untranslated region (UTR), or in the 3 0 UTR (Shanker et al. 2007 ).
Primer designing
Primer sequence designing of SSR-EST sequences was performed with PRIMER3 software (http://frodo.wi.mit. edu/primer3/). The conditions for primer designing were adopted as default values. Also, the putative SSRs coding amino acids were determined and classified based on the physiochemical properties of amino acids.
Results
ESTs resource
We used a total of 2549 ESTs (987.395 bp) for SSR mining with a minimum length of 14 bp. The reduction in redundancy was used as a measure of degree of overlap among EST sequences (Gupta et al. 2010a, b) . Based on assembled data (2278 ESTs with 899,028 bp), the percentage of ESTs forming contigs was 6.7 % (152) whereas 93.3 % of ESTs (2126) were unique and had no corresponding overlapping sequences. Thus, the reduction in redundancy was found to be 10.6 %.
Distribution of EST-SSRs
The screened genome data from B. pendula yielded a total of 188 for the presence of SSRs (Table 1) , giving an average density of 1SSR/4.78 kb and only 7.8 % of assembled sequences contained SSRs.
The frequencies of SSR types with di-, tri-, tetra-and hexa-nucleotide repeat units are shown in Fig. 1 . The most frequent repeat type was found to be as di-nucleotides (124, 65.9 %) followed by tri-(51, 27.1 %), tetra-(9, 4.8 %), and penta-nucleotides (4, 2.2 %). Interestingly, we identified no hexa-nucleotide repeat.
EST-SSRs were composed of seven different types of dinucleotide: (AG) n , (AT) n , (CT) n , (GA) n , (GT) n , (TA) n , and (TC) n , 16 different types of tri-nucleotide: (AAC) n , (AAG) n , (AGA) n , (ATG) n , (CAT) n , (CTT) n , (GAA) n , (GAC) n , (GAT) n , (GGT) n , (GTG) n , (TCA) n , (TCT) n , (TGG) n , (TTA) n , and (TTC) n , four different types of tetra-nucleotide: (CCGC) n , (GAGC) n , (GCGA) n , and (GGAA) n , two different types of penta-nucleotide: (ATCTG) n and (GATCC) n . Among di-nucleotide SSRs, GA motif types was the most abundant motif (20.7 %), followed by TC (14.4 %) and CT (12.7 %) motifs. Among tri-nucleotide SSRs, the most frequent motif was AAG (3.7 %), followed by GAT and TCA (3.2 %) and GTG (2.6 %). GAGC repeat type was the most frequent motif in tetra-nucleotides (3.2 %) whereas ATCTG and GATCC shared equal frequency at 1.1 % in penta-nucleotides.
Distribution of tri-nucleotide SSRs and putative encoded amino acids
Tri-nucleotide motifs code for corresponding amino acids and therefore play roles in determining biological activity of rotein molecules (Gupta et al. 2010a, b) . Out of a total of 51 tri-nucleotides, 19.6 % of tri-nucleotides encoded serine, followed by aspartic acid and lysine shared in equal frequency at 13.7 % (Fig. 2) . Putative encoded amino acids were grouped based on their polar and non polar nature, and according to the data, 35.3 % of amino acids were in non-polar nature, while 23.5 % were in polar nature.
Analysis of BLASTX results
To determine the function of SSR containing sequences, 178 SSRs containing sequences were analyzed against the non-redundant (nr) protein database in NCBI (http://www. ncbi.nlm.nih.gov); thus, 102 of 178 EST-SSRs (57.3 %) were annotated. These proteins belong to non-specific lipid-transfer protein (8, 7.84 %), elongation factor 1-beta (6, 5.88 %), profilin (6, 5.88 %), 60S ribosomal protein (5, 4.90 %), 50S ribosomal protein (5, 4.90 %), small acidic protein (4, 3.92 %), catalase heme-binding enzyme (4, 3.92 %), alpha/beta-hydrolases superfamily protein (4, 3.92 %), small nuclear ribonucleoprotein (4, 3.92 %), ATP-dependent clp protease proteolytic subunit-related protein (3, 2.94 %), metallothionein-like protein (3, 2.94 %), acyl carrier protein (3, 2.94 %), NADH dehydrogenase [ubiquinone] 1 alpha sub-complex subunit 2 (3, 2.94 %), glycine-rich RNA-binding protein (2, 1.96 %), copper transport protein (2, 1.96 %), fructose-bisphosphate Total number of identified SSRs 188
Number of SSR containing sequences 178
Number of sequences containing more than 1 SSR 10
Number of SSRs present in compound formation 9
Repeat type Dinucleotide 124
Trinucleotide 51
Tetranucleotide 9 Pentanucleotide 4 65.9%
27.1% 
Primer designing for SSRs
Out of 102 EST-SSRs with significant matches, primers were designed for all EST-SSRs, including 98 singletons and 4 contigs ( Table 2 ). These primers of 102 EST-SSRs include 59 di-, 30 tri-, 9 tetra-, and 4 penta-nucleotides.
Prediction of ORFs in SSR containing sequences
According to predicted ORFs analyses, a total of 175 EST-SSR containing sequences included ORFs whereas only three EST-SSRs had no ORF. The most frequent SSRs were predicted in 5 0 UTR (104, 59.43 %), followed by in ORF (56, 32 %) and in 3 0 UTR (15, 8.5 %) (Fig. 3) .
Discussion
Microsatellites consist of repeated short nucleotide motifs (1-6 bp) (Tautz 1993) . Owing to the mutation process known as DNA replication slippage, microsatellites gain and lose repeating units at high rates (Ellegren 2000) . In this study, a total of 2549 ESTs from silver birch (B. pendula) were mined for simple sequence repeats. Also, protein annotations, primer designing, and prediction of ORFs were performed. The percentage of EST-SSR sequences reported here (7.8 %) is higher than the results of previous studies of other plant species. For example, those numbers were 3.60 % for barley (Kota et al. 2001 ), 2.80 % for sugarcane (Cordeiro et al. 2001 ), 2.70 % for cotton (Lü et al. 2010) , and 5.70 % for Lolium (Asp et al. 2007 ), 6.62 % for Quercus robur (Filiz et al. 2012 ) and 1.1 % for both loblolly pine and spruce (Bérubé et al. 2007) . A total of 188 EST-SSRs were detected with density of 1SSR/4.78 kb and our results showed lower values than reported in earlier studies: 1SSR/3.4 kb for rice (Varshney et al. 2002) , 1SSR/1.67 kb for wheat (Morgante et al. 2002) , 1 SSR/1.3 kb for S. lycopersicum (Gupta et al. 2010a ), 1SSR/0.7 kb, 1SSR/1.67 kb, 1SSR/0.22 kb and 1SSR/3.5 kb for four different species including the sequences of major palms like coconut, arecanut, oil palm and date palm respectively (Palliyarakkal et al. 2011 ), 1SSR/1.77 kb for R. communis (Qiu et al. 2010 ). However, the SSRs density of B. pendula was higher than 1SSR/ 12.92 kb for C. sinensis (Shanker et al. 2007 ), 1SSR/6 kb for Arabidopsis (Cardle et al. 2000) , 1SSR/12.92 kb for cotton (Lü et al. 2010 ), 1SSR/9.8 kb for Q. robur (Filiz et al. 2012) , 1SSR/56.6 kb for loblolly pine and 1SSR/ 42.9 kb for spruce (Bérubé et al. 2007 ). Microsatellite genesis is due mainly to DNA slippage, unequal crossing over, gene conversion, and retro-transposition (Kalia et al. 2011) . The frequencies of slippage and point mutations may affect distribution of SSRs in a genome. Also, the SSRs in genes contain higher mutation rates than nonrepetitive regions (Li et al. 2004 ). The density and sequence numbers of EST-SSRs in Betula may be induced by mutation mechanisms and genome re-organization in evolutionary history. In this study, the most abundant motif was found to be di-nucleotides (124, 65.9 %). This is in agreement with the results of earlier studies of Arabidopsis (Cardle et al. 2000), C. sinensis (Shanker et al. 2007) , and loblolly pine and spruce (Bérubé et al. 2007 ). These similar results might be related to SSRs in non-coding regions. Three-nucleotide repeats are an abundant motif in Betula and similar results were found in earlier studies, e.g. Lolium perenne (Asp et al. 2007 ), castor bean (Qiu et al. 2010) , medicinal plant Ocimum basilicum (Gupta et al. 2010a, b) , and Q. robur (Filiz et al. 2012) . Toth et al. (2000) and Morgante et al. (2002) reported a higher frequency of GA/CT repeat than AT repeat in Arabidopsis and cereals and our findings (GA was the most frequent motif in Betula) were similar to these study results. In three-nucleotides, AAG in Arabidopsis, CCG in cereals (Varshney et al. 2002) , AAG/ CTT in cotton (Lü et al. 2010) , AAG/CTT in Q. robur (Filiz et al. 2012) , AAG/CTT in castor bean (Qiu et al. 2010) were the most frequent motifs and the data supports our findings revealing AAG repeat (3.7 %) was the most abundant motif in Betula. The abundance of tri-nucleotide SSRs in coding regions may be related to the selective risk of non-trimeric SSR variants in coding regions, perhaps resulting from frame-shift mutations (Metzgar et al. 2000) . Analysis of EST-SSRs in silver birch (Betula pendula Roth.) 643 It was observed that serine (19.6 %) was found to be the most frequent amino acid encoded by trinucleotide SSRs. The most common amino acid was found to be serine (Ser) in Quercus and Arabidopsis (Lawson and Zhang 2006; Filiz et al. 2012 ) and these data are in agreement with our results. However, lysine (Lys) in Arabidopsis (Morgante et al. 2002) and arginine (Arg) in sugarcane (Cordeiro et al. 2001) were found to be the most encoded amino acids and these results contradict our findings. SSRs in promoter and intronic regions may affect gene activity and gene transcription. Also, SSR repeat numbers may regulate gene expression and expression level (Li et al. 2002) . Lately, new evidence shows that large numbers of SSRs are located in coding regions of genomes (Morgante et al. 2002) , suggesting that the difference in the distribution of amino acids could be a result of different gene expression profiles that affect SSRs in coding regions. In Arabidopsis, high densities of SSRs were found to be in UTRs (Lawson and Zhang 2006) . Similar results were reported for the medicinal plant Ocimum basilicum (Gupta et al. 2010a, b) and for C. sinensis (Shanker et al. 2007 ). These data corroborated our results that nearly 68 % of SSRs were located in UTR regions in Betula. It can be proposed that SSRs in UTR regions play important roles in gene regulation. 102 of 178 EST-SSRs (57.3 %) were annotated and categorized into different classes, including ribosomal protein, transport protein, membrane protein, carrier protein, binding protein, transferase protein, and others. Also, 102 primers were designed for these putative proteins. In conclusion, ESTs of B. pendula were mined for EST-SSRs and the current study demonstrated that understanding of SSR distribution could support future studies with in silico comparative analysis of Betulaceae species, especially Betula taxa. Also, EST-SSR resources developed from this work can be utilized in studies of genetic diversity, linkage mapping, and comparative analyses in Betulaceae species. Analysis of EST-SSRs in silver birch (Betula pendula Roth.) 645
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